Abstract
Introduction
Diabetes mellitus (DM), hypertension (HT), and dyslipidemia (DL), hereafter referred to as metabolic components, have close associations with obesity and are well known risk factors for hepatocellular carcinoma (HCC) in which non-alcoholic fatty liver disease (NAFLD)-induced chronic hepatitis has been suggested to play an important role [1, 2] . Therefore, in Japan, surveillance and follow-up of patients with metabolic components for the occurrence of HCC are routinely performed according to the Clinical Practice Guidelines for HCC [3] . Recently, the results of a large cohort study submitted to the Surveillance, Epidemiology, and End Results (SEER)-Medicare database found that metabolic syndrome (the presence of at least three of the following conditions: obesity, DM, HT, and DL) is a significant risk factor for the development of intrahepatic cholangiocarcinoma (ICC), and that ICC patients had a higher incidence of individual components than did a control population (patients without prior cancer) [4] . It is considered that the worldwide epidemic of metabolic syndrome presents an opportunity for the detection of ICC during follow-up of patients with metabolic components [5, 6] . However, the surgical outcomes of ICC patients with metabolic syndrome who had been followed-up for metabolic components remain unclear. Therefore, the aim of the present study was to compare the clinicopathological characteristics and postoperative outcomes of hepatic resection for ICC among patients with and without follow-up for metabolic components and those without metabolic components, and to investigate the significance of routine follow-up for metabolic components in terms of treatment outcomes for ICC.
Methods

Subjects
Of a total of 94 patients with ICC who underwent hepatic resection at the Department of HepatoBiliary-Pancreatic Surgery at Osaka City University Hospital (Osaka, Japan) between January 1990 and July 2014, 51 (55%) had known risk factors for ICC, including hepatitis C virus infection in 27 (29%), heavy alcohol consumption (≥80 g of ethanol daily [7] ) in 7 (8%), hepatolithiasis in 7 (8%), hepatitis B virus infection in 6 (7%), and a history of exposure to chlorinated organic solvents in 4 (4%). The clinicopathological findings of the remaining 43 patients (46%) without known risk factors for ICC were retrospectively reviewed ( fig. 1 ). This study was conducted in accordance with the mandates of the Helsinki Declaration and the guidelines of the Ethics Committee of our institution (Ethical Committee of Osaka City University, registration No.: 1646).
Metabolic Components
Diagnoses of DM, HT, and DL were determined according to the guidelines of the Japan Diabetes Society [8] , the Japanese Society of HT [9] , and the Japan Atherosclerosis Society [10] , respectively. DM was defined as a fasting plasma glucose level of ≥126 mg/dL, a hemoglobin A1c level of ≥6.5%, or the use of hypoglycemic drugs or insulin. HT was defined as systolic blood pressure of ≥140 mmHg, diastolic blood pressure of ≥90 mmHg, or the use of hypotensive drugs. DL was defined as a serum triglyceride concentration of ≥150 mg/dL or the use of lipid-lowering drugs. In this study, patients who had at least one of these three diseases (DM, HT, and DL) were defined as having metabolic components [4] . Patients who received medical treatment or underwent a physical, and/or laboratory, and/or imaging examination, such as abdominal ultrasonography (US), for follow-up of DM, HT, and DL at least every 6 months were included in the follow-up group. Other known metabolic components, including obesity and smoking, were excluded because of the lack of consensus for treatment in Japan. We divided the 43 patients into three groups: those with metabolic components who had been routinely followed-up (follow-up group, n=16), those with metabolic components who were not followed-up (no follow-up group, n=14), and patients without metabolic components (control group, n=13, fig. 1 ).
Surgery
In most patients who underwent resection of one Couinaud's segment [11] (segmentectomy [12] ) or extensive resection, following Glissonean pedicle transection or clamping [13] , an ultrasonic dissector was used to perform hepatic dissection during total [14] or unilateral clamping of the hepatic vascular inflow [15] . The major branch of the portal vein and the hepatic artery were dissected and cut separately. The major branch of the bile duct was cut after dissection of the liver. In most patients who underwent limited hepatic resection (resection of less than one segment), an ultrasonic dissector was used to perform hepatic dissection during total clamping of the hepatic vascular inflow. Until 2002, regional lymph node dissection was routinely performed, and, after 2003, sampling of the lymph nodes was generally performed. For patients with a preoperative diagnosis of HCC or in whom lymph node metastasis was absent on the basis of pre-and intra-operative findings, lymph node sampling was eliminated. In our department, concomitant resection of the extrahepatic bile duct was not performed for lymph node dissection, but was performed for cases in which lymph node metastasis extended along the bile duct or tumor extended into the extrahepatic bile duct.
The hepatic anatomy and type of hepatic resection were classified according to the Brisbane 2000 Terminology of Liver Anatomy and Resections [12] . In this study, the surgical procedures were charac- terized according to the extent of hepatectomy: major hepatectomy was defined as one sectionectomy (bisegmentectomy) or greater, and minor hepatectomy was defined as less than a sectionectomy. Curative resection was defined as complete removal of all recognized ICC areas diagnosed preoperatively or intraoperatively and histologically confirmed.
Postoperative Complications
The severity of postoperative complications was classified according to the Clavien-Dindo classification (C-D) system [16] .
Histology
The clinical and histological ICC stages were stratified according to the tumor, node, metastasis (TNM) classification of malignant tumors established by the International Union Against Cancer (UICC) [17] . Pathologic stage I or II was defined as early stage and stage III or IV as advanced stage. Non-cancerous liver tissue specimens obtained during surgery were subjected to pathological examination.
Diagnosis of Non-Alcoholic Fatty Liver (NAFL) and Non-Alcoholic Steatohepatitis (NASH)
A diagnosis of NAFLD was based on (1) a history of no or limited daily alcohol intake (<20 g for women and <30 g for men), (2) the presence of hepatic steatosis confirmed by histological examination, and (3) exclusion of other liver diseases. NAFL was defined histologically by the presence of bland, primarily macrovesicular, hepatocellular fatty change, whereas NASH was defined by fatty change with inflammation and evidence of hepatocyte injury, such as ballooning degeneration [18] . The activity grade and fibrosis stage of NASH were classified according to the Brunt classification system [19] . Steatosis was scored as an estimate of the percentage of parenchyma replaced by fat: grade 1 (mild), up to 33%; grade 2 (moderate), 34%-66%; or grade 3 (severe), >66%. Hepatocellular ballooning, lobular inflammation, and portal inflammation were also graded on a scale of 0 (none), 1 (mild), 2 (moderate), or 3 (severe). The NASH grade was determined by comprehensive information from these four factors. Fibrosis was staged as follows: stage 0, no fibrosis; stage 1, perisinusoidal or periportal fibrosis; stage 2, perisinusoidal and portal/periportal/periportal fibrosis; stage 3, bridging fibrosis; and stage 4, cirrhosis.
Follow-up
All surviving patients were followed-up at least every 3 months after discharge. The follow-up evaluations included physical examinations, liver function tests, chest radiographs to check for pulmonary metastases, and US, computed tomography (CT), or magnetic resonance imaging (MRI) to check for recurrence in the remnant liver or other abdominal organs. Moreover, bone metastasis was diagnosed by MRI and/or bone scintigraphy. The mean and median follow-up periods of the 43 patients were 30 and 21 months, respectively (range, 3-140 months).
Statistical Analysis
Continuous variables are expressed as medians (range) and were analyzed among the three groups using the Kruskal-Wallis test. Differences in categorical variables were analyzed using Fisher's exact test. For variables with a probability (p) value of <0.10, data were re-analyzed by the Mann-Whitney U test or Fisher's exact test between two groups to identify significant differences between groups. The Kaplan-Meier method was used to calculate the overall survival (OS) rate, and differences in OS rates between groups were evaluated using the log-rank test. A p value of <0.05 was considered statistically significant. All statistical analyses were performed using the SPSS software package v.21.0 (SPSS, Chicago, IL, USA).
Results
In the follow-up group, only one patient had all three metabolic components, seven had two of the three components, and the remaining eight patients had only one component. In the no follow-up group, 2 patients had two of the three metabolic components, while the remaining 12 had only one. All 16 patients in the follow-up group received oral medicine, diet therapy, or ergotherapy. The prevalences of obesity (body mass index ≥25 kg/m 2 ), HT, and DL were higher in the follow-up group and the no follow-up group than in the control group (p=0.002, 0.004, and 0.001, respectively, table 1). The prevalence of DM was higher in Table 1 . Clinical characteristics of 43 patients with ICC divided into three groups: those with metabolic components who were followed up, those with metabolic components who were not followed up, and those with no metabolic components Characteristic the follow-up group than in the control group (p=0.048). No patient in the control group was obese. The prevalence of male patients was significantly higher in the follow-up group than in the other two groups (p=0.007).
In terms of background liver tissue, NAFLD was present in 20 patients (47%): 13 (81%) in the follow-up group, 5 (36%) in the no follow-up group, and 2 (26%) in the control group (p=0.001). The proportion of patients with NAFLD was 21% among all 94 ICC patients. Two patients in the follow-up group had NAFL and the remaining 11 had NASH. No patient had cirrhosis. In the follow-up group, 3 (19%) patients had ICC-related symptoms (jaundice, abdominal pain, or weight loss; each patient had one symptom). The remaining 13 patients were further examined for ICC after the detection of abnormal liver function, i.e., elevated serum levels of γ-glutamyl transpeptidase (γ-GTP) and carbohydrate antigen 19-9 (CA19-9) in six patients and the detection of hepatic tumor(s) on US or CT in the other seven. In contrast, 69% of patients in the no follow-up group and 77% in the control group had ICC-related symptoms, including jaundice or tumor-related abdominal pain (p=0.0086 and 0.0095 vs. the follow-up group, respectively). The remaining patients in the no follow-up and control groups were found to have abnormalities at annual routine health checkups or follow-ups for other diseases. Preoperative jaundice was present in one patient in the follow-up and two in the no follow-up group. All three patients underwent preoperative biliary drainage. The preoperative laboratory tests showed that serum total bilirubin concentration was lower in the control group than in the follow-up group and the no follow-up group (p=0.008 and 0.061 vs. the control group, respectively), although the median concentration was within the normal range in all three groups. Serum triglyceride concentrations were significantly higher in the follow-up group and the no follow-up group than in the control group (p=0.004), whereas glucose concentrations were higher in the follow-up group than in the control group (p=0.017).
The proportion of patients who underwent minor hepatectomy was higher in the follow-up group than in the other two groups (37% vs. 7% vs. 0%, p=0.086 vs. the no follow-up group, and p=0.02 vs. the control group, table 2). There were no significant differences in the types of lymphadenectomy (regional lymph node dissection, sampling only, or no dissection) among the three groups. Nine patients with invasion to the hilar bile duct were treated with concomitant resection of the extrahepatic bile duct. In two patients in the no follow-up group, reconstruction of the portal vein was performed. The incidence of overall morbidity was higher in the no follow-up group than in the control group (57% vs. 15%, p=0.046); however, there were no significant differences in the incidence of morbidity between the other groups. One patient in both the no follow-up group and the control group died of postoperative liver failure.
Regarding factors associated with tumor formation, there were no differences in the locations or morphologic features of tumors (table 3). The median tumor size was smaller in the follow-up group than in the control group (3.4 cm vs. 7.0 cm, p=0.028), and the prevalence of serosal invasion was lower in the follow-up group than in the control group (19% vs. 62%, p=0.027). Moreover, no patient in the follow-up group exhibited lymph node metastasis, whereas approximately half of the patients in the no follow-up group and control group had lymph node metastasis (0% vs. 43% vs. 46%, p=0.005 and 0.004 vs. the follow-up group, respectively). According to the UICC TNM-based staging system, the proportion of patients with pathological stage I or II (early stage) disease was significantly higher in the follow-up group than in the no follow-up group and control group (p=0.005 and 0.001 vs. the follow-up group, respectively).
During the follow-up period, 8 (50%) patients in the follow-up group, 9 (64%) in the no follow-up group, and 8 (62%) in the control group developed postoperative recurrence. The incidence of extrahepatic recurrence was lower in the follow-up group; however, 7 (88%) Table 3 . 
(63%)
Lymph node (n (%))
1.00
Other organs (n (%)) 0 (0%) 0 (0%) 0 (0%)
1.00
Synchronous at least 2 sites (n (%)) of the recurrent patients in the follow-up group developed recurrence in the remnant liver, with only one involving the lymph nodes. Of the seven patients with intrahepatic recurrence in the follow-up group, two underwent repeat hepatic resection. One of these two patients died of heart failure 8 years after initial hepatic resection, whereas the second was still alive 5 years after initial hepatic resection. The remaining 23 patients with recurrence among all three groups underwent systemic chemotherapy, radiation, or best supportive care. The stage of the initially detected recurrence was earlier in the follow-up group than in the other two groups. During the follow-up period, four patients in the follow-up group died: two because of liver metastasis and the other two because of heart failure resulting from metabolic disease. In contrast, seven patients in the no follow-up group and six in the control group died of recurrent cancer. The 1-, 3-, and 5-year OS rates were 93%, 93%, and 66%, respectively, in the follow-up group, which was significantly greater than in the no follow-up group (77%, 34%, and 34%, respectively, p=0.034) and the control group (85%, 24%, and 0%, respectively, p=0.001). There was no significant difference in OS rates between the no follow-up group and the control group (p=0.807, fig. 2 ). OS rate after surgery among the three groups of patients with ICC without known risk factors. The follow-up group = patients with ICC who were routinely followed-up for DM, HT, and DL (metabolic components); the no follow-up group = those who were not followed-up for metabolic components; the control group = those without metabolic components. Follow-up = patients who received medical treatment or underwent a physical and/or laboratory and/or imaging examination, such as abdominal US, for follow-up of DM, HT, and DL at least every 6 month.
Discussion
In addition to the two main conditions associated with chronic liver disease (i.e., cirrhosis and chronic bile duct disease induced by primary sclerosing cholangitis and hepatolithiasis [20, 21] ), alcohol abuse and infection with hepatitis C and/or B virus are also reported to be risk factors for ICC [21] [22] [23] . Recently, exposure to chlorinated organic solvents was reported as a possible risk factor for cholangiocarcinoma [24] [25] [26] . Patients with the following known risk factors for the development of ICC are followed-up for liver disease: hepatitis B and/ or C virus infection, hepatolithiasis (approximately 9% of patients [20] ), and alcohol abuse [27, 28] . Moreover, the presence of these risk factors can obscure the clinical significance of DM, HT, and DL. Based on this evidence, we excluded patients with the above-mentioned known risk factors from the current study. In addition to these risk factors, metabolic syndrome or its individual components, including DM, HT, and DL, were recently reported as risk factors for ICC [4, [29] [30] [31] . In particular, a recent umbrella review of meta-analyses of observational studies regarding the association of DM as a risk factor for all types of cancer onset at 20 anatomical sites indicated that the prevalence of DM was strongly associated with the development of ICC, but not of HCC [32] . Moreover, these metabolic components are closely associated with obesity and, histologically, with NAFLD [2, 33] . In the current study, 46% (43/94) of ICC patients had no history of established risk factors. The results of a large cohort study from SEER-Medicare database found that 43.3% of patients with ICC had no risk factors other than metabolic components [4] , which was similar to our result. In the large cohort study, the incidences of DM, HT, DL, and obesity were significantly higher in ICC patients than in controls (patients with no prior cancer diagnosis). In our study, among the ICC patients with no known risk factors, 70% (30/43) had at least one metabolic factor. Based on this evidence and the ongoing increase in the number of patients with metabolic components, establishment of routine screening modalities will be needed to assess the risk of ICC, as is now done for HCC. In this study, 13 of 16 patients in the follow-up group were further examined for ICC after the detection of abnormal liver function during follow-up, as indicated by elevated serum levels of γ-GTP and CA19-9 in six patients and the detection of hepatic tumor(s) on imaging in the other seven. Serum levels of γ-GTP and CA19-9 are known prognostic markers for ICC [30, [34] [35] [36] . Thus, routine measurement of γ-GTP and CA19-9 levels and/or US or CT every 6 months would help to detect the development of ICC in all patients with metabolic components.
NAFLD is a known independent risk factor for HCC among patients with chronic liver disease [2, 37] . The development of ICC in patients with NAFLD, including NASH, has also been recently reported at an incidence of 17.1%-25% [38, 39] , levels that are similar to the results of our study (22%, 20/94). NAFLD was the second most common underlying disease in the current study, after hepatitis C virus infection (27%). Durnez et al. [40] indicated similar molecular alterations in ICC as in mixed HCC-ICC and biliary marker-positive HCC, even in noncirrhotic livers. More than 50% of HCC patients without cirrhosis reportedly have macrovesicular steatosis and steatohepatitis in non-cancerous liver tissue [41] . In addition, studies using hepatocyte markers showed that some ICC cases were associated with hepatic progenitor cell origin [42] . Based on this evidence, NAFLD could be a predisposing factor for ICC in patients with metabolic components, in a similar manner to that of HCC, and may be a possible risk factor for ICC. However, further studies are necessary to obtain a definitive conclusion.
In the current study, the incidence of obesity, DM, DL, and NAFLD was relatively low, and the serum triglyceride and glucose concentrations tended to be lower in the no follow-up group compared with those in the follow-up group. Hence, the severity of metabolic components in the no follow-up group was likely milder than that in the follow-up group, which may explain why no previous consultation for metabolic components had taken place. In this study, only three patients in the follow-up group had initially complained of abdominal pain: the remaining 13 were found to have ICC by routine laboratory testing and diagnostic imaging, which may have contributed to the detection of ICC at an early stage (pStage I or II) in this group. Moreover, the small tumor size may have led to a higher proportion of patients who underwent minor hepatectomy in the follow-up group than in the other two groups. Tsilidis et al. [32] suggested an increased probability of cancer in patients with DM, particularly in the early stage, which was in accordance with our results. In the current study, the proportion of patients undergoing major hepatectomy and concomitant resection of the extrahepatic bile duct was high in the no follow-up group, which likely explains the high incidence of postoperative morbidity.
Lymph node metastasis is a well-known prognostic factor of ICC after surgery [43, 44] . Thus, on the results of this study, we propose that routine follow-up for metabolic components could contribute to detection of ICC before lymph node metastasis has occurred. Moreover, the stage at initial detection of recurrence was earlier in the follow-up group than in the other two groups (the incidence of extrahepatic recurrence was also lower in the follow-up group), which might have contributed to the longer survival in the follow-up group than in the other two groups. However, postoperative prevention of aggravation of cardiovascular diseases caused by metabolic components [45] is also important, because two patients in the follow-up group died of heart failure during the postoperative follow-up period.
Overall, we conclude that it is important to screen for ICC as well as for HCC in patients with metabolic components, including DM, HT, and DL, to facilitate detection of disease at earlier stages. In addition, for patients with primary sclerosing cholangitis, which is a wellknown risk factor for the occurrence of ICC and extrahepatic cholangiocarcinoma, measurement of serum CA19-9 levels and USevery 12 months is recommended for screening and surveillance of cholangiocarcinoma [46, 47] . In particular, routine measurement of serum γ-GTP and/or CA19-9 levels and/or US or CT every 6 months are recommended during follow-up of ICC patients with DM, HT, and DL. Primary sclerosing cholangitis is a much higher risk factor for ICC than DM, HT, and DL are [4, 48] . Consequently, we cannot be certain whether follow-up every 12 months (or 6 months, if possible) is adequate; thus, the optimal interval for routine screening should be investigated in future larger prospective cohort studies.
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